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Synopsis
This thesis details an investigation into the properties and applications of shape mem-
ory alloy (SMA) composites. SMA-composites are a new material which have the
possibility of having a large impact on what the structures as we know today, are
constructed with. SMA-composites are adaptive materials which can be used to con-
trol the shape and frequencies of vibration of a structure. In order to determine the
effectiveness of such a material, research into the functional properties of SMAs and
SMA-composites was conducted.
As an initial step, the transformation behaviour of constrained SMAs was investi-
gated in order to obtain a better understanding into the recovery stress generation of
these wires when embedded into a composite material. It is known that the transfor-
mation is based on two types of martensite within the alloy; self accommodating and
preferentially oriented martensite. The amounts of each type and how they vary with
differing pre-strain were determined through DSC measurements and an explanation
for why preferentially oriented martensite is not observed during DSC testing was made.
The next step was to investigate the effectiveness of embedding SMA wires into
composites and the thermomechanical properties of the SMA wires and the SMA-
composites were determined. This was completed using a specially designed tensile
testing machine which was capable of having the whole specimen immersed into an oil
bath and heated and cooled repeatedly. The stress-strain, strain-temperature, stress-
temperature, resistance-strain and cyclic properties of various wires were obtained,
giving a better understanding of the behaviour of SMA wires under different test con-
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ditions. NiTiCu SMA wires were embedded into kevlar composite materials and the
recovery stress generation (stress-temperature), stress-strain, and strain-temperature
behaviour was determined.
If SMA-composites are to be used as new materials for structural applications,
verification that the embedment of pre-strained SMA wires into the material doesn’t
adversely affect the impact behaviour needs to be carried out. SMA-composite spec-
imens with varying volume fractions of superelastic SMA wires, pre-strain and posi-
tion through the thickness were made up for impact damage characterisation. These
specimens were impacted at three different energy levels. The results showed that
by embedding SMA wires into composite materials there is a reasonably low damage
accumulation after impact. There is also no adverse impact effect on the structure
compared with structures without wires as well as structures with other types of wires
such as steel and martensitic SMA wires. The SMA-composites showed good damping
and energy absorption capabilities.
A novel application of SMA-composites is their use as a SMA patch in order to
repair damage in existing cracked metallic structures. An analytical study and finite
element modelling showing the closure stresses obtainable for use as patches was made.
iv
‘The most exciting phrase to hear in science, the one that heralds new
discoveries, is not “Eureka!” but rather “hmmm....that’s funny...” ’
Isaac Asimov
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Symbols and Abbreviations
Listed here are only the symbols used several times or in a global context. The symbols
used locally are explained where they are used.
Ad projected delamination area (mm
2)
Af austenitic finish temperature (
◦C)
Am cross sectional area of matrix (mm
2)
Ap austenitic peak temperature (
◦C)
As austenitic start temperature (
◦C)
Asma cross sectional area of SMA (mm
2)
AT total cross sectional area of SMA-composite patch (mm
2)
αs coefficient of thermal expansion of the SMA (/
◦C)
αm coefficient of thermal expansion of the matrix (/
◦C)
dmin minimum measured displacement of impact head during impact (mm)
∆Ha austenitic transformation heat (J/g)
∆Hm martensitic transformation heat (J/g)
∆Hr R-phase transformation heat (J/g)
∆HSAM measured transformation heat due to self accommodating martensite (J/g)
DSC differential scanning calorimetry
Ea energy absorbed (J or %)
Em Young’s modulus of elasticity of matrix (GPa)
Ep Young’s modulus of elasticity of SMA-patch (GPa)
Es Young’s modulus of elasticity of cracked structure (GPa)
Esma Young’s modulus of elasticity of SMA (GPa)
m total strain of matrix
ma thermal expansion strain of matrix
max maximum shape memory strain
me elastic strain of matrix
p equivalent pre-strain of SMA-composite patch
ps pre-strain of SMA
sma total strain of SMA wires
sa thermal expansion strain of SMA
se elastic strain of SMA
sr recoverable shape memory strain
Fmax maximum force measured on impact (N)
x
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FEM finite element modelling
Fr recovery force (N)
Ft transferred force (N)
Ga adhesive shear modulus (MPa)
hp thickness of SMA-composite patch (mm)
hs thickness of cracked structure (mm)
lp length of SMA-composite patch(mm)
Mf martensitic finish temperature (
◦C)
Mp martensitic peak temperature (
◦C)
Ms martensitic start temperature (
◦C)
nw number of embedded wires
POM preferentially oriented martensite
Rf R-phase finish temperature (
◦C)
Rp R-phase peak temperature (
◦C)
Rs R-phase start temperature (
◦C)
SAM self accommodating martensite
SIM stress induced martensite
SMA shape memory alloy
SME shape memory effect
σc closure stress (MPa)
σp average normal stress of composite patch (MPa)
σr recovery stress of SMA (MPa)
σs average normal stress of cracked structure (MPa)
σsma stress of SMA (MPa)
τa shear stress in adhesive (MPa)
Tg glass transition temperature (
◦C)
up in-plane displacement along x-axis direction of the SMA-patch
us in-plane displacement along x-axis direction of the cracked structure
Vf volume fraction of embedded SMA wires (wires/mm)
wp width of SMA-composite patch (mm)
ws width of cracked structure (mm)
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